The toxicity of Euphorbia milii molluscicidal latex and niclosamide (NCL) to target snails (Biomphalaria glabrata and Biomphalaria tenagophila) and nontarget aquatic organisms is evaluated. Planorbidae snails were killed by very low concentrations of lyophilized latex (48-h LC 50 , mg/L: B. glabrata, 0.12; B. tenagophila, 0.09; Helisoma duryi, 0.10). Latex was less toxic (48-h LC 50 or EC 50 , mg/L) to oligochaeta (Tubifex tubifex, 0.31), planktonic crustacea (Daphnia similis, 0.38; C. dubia, 1.07; Artemia sp., 0.93), and 5shes (Danio rerio, 0.96; Poecilia reticulata, 1.39), and considerably less toxic to Ampullariidae snails (Pomacea sp., 10.55) and frog tadpoles (Rana catesbeiana, 7.50). Latex (up to 100 mg/L) was not toxic to bacteria (P. putida and V. fischeri), algae (Selenastrum capricornutum and Chlorella vulgaris), and mosquito larvae (Anopheles albitarsis, Aedes aegypti, Aedes fluviatilis). NCL was very toxic (48-h LC 50 or EC 50 , mg/L) to Planorbidae snails (B. glabrata, 0.15, B. tenagophila, 0.13; H. duryi, 0.10), T. tubifex (0.11), crustacea (D. similis, 0.19; Ceriodaphnia dubia, 0.47; Artemia sp. 0.18), 5shes (D. rerio, 0.25; P. reticulata, 0.29), R. catesbeiana (0.16), and Pomacea sp. (0.76). NCL was toxic to bacteria, algae (96-h IC 50 , mg/L: S. capricornutum, 0.34; C. vulgaris, 1.23) and slightly toxic to mosquito larvae. In conclusion, E. milii latex, as compared with the reference molluscicide niclosamide, presents a higher degree of selectivity toward snails which are intermediate hosts of Schistosoma trematodes.
INTRODUCTION
Schistosomiasis is a parasitic disease caused by any of "ve species of Schistosoma trematodes, i.e., S. mansoni, S. haematobium, S. japonicum, S. mekongi, and S. intercalatum . Each species gives rise to acute and chronic diseases with clinical manifestations due to urinary (S. haematobium), intestinal, or hepatosplenic involvements. A recent report of the World Health Organization (WHO) has estimated that 600 miliion people live in regions where schistosomiasis is endemic in Africa, Asia, and tropical America, 200 miliion of whom are infected with Schistosoma trematodes (WHO, 1993) .
Humans are the primary host of Schistosoma trematodes whose eggs are eliminated in human feces (S. mansoni and others) or urine (S. haematobium). If the egg comes into contact with freshwater it can hatch to produce a miracidium, a larval stage that penetrates certain aquatic or amphibious mollusks (e.g., Biomphalaria spp., Bulinus spp., Oncomelania spp.) acting as the parasite intermediate host. After a phase of multiplication in the snail, a great number of swimming cercariae leave the intermediate host and penetrate the skin of humans in contact with the water. The invading cercaria develop into adult worms in the human body and the life cycle of the parasite is ready to turn over again.
In addition to treating the infected individuals with antischistosomal drugs such as praziquantel and oxamniquine, snail control with molluscicides has been one of the methods of choice to reduce the risk of schistosomiasis transmission in endemic areas. Niclosamide is the only commercially available molluscicide recommended by WHO for largescale use in schistosomiasis control program (WHO, 1993) . It has been used for more than 40 years and has proven to be more e!ective and less hazardous to the environment and human health than other inorganic or synthetic molluscicides such as copper salts, sodium pentachlorophenate, and organotin compounds (tributyltin oxide). However, despite this, costs involved in treating a great number of transmission sites with niclosamide are prohibitive for most developing countries where schistosomiasis is endemic. Therefore, there has been a renewed interest in "nding plant molluscicides that could be cheaper and locally available alternative to synthetic products used in snail control.
Within this context, the latex of Crown-of-Thorns (Euphorbia milii Des Moul. ex Boiss var. hislopii, syn. E. splendens) seems to be one of the most interesting plant molluscicides tested so far. It is active against mollusks that are intermediate hosts of Schistosoma trematodes at concentrations as low as 0.5 ppm in the laboratory and at concentrations as low as 5.0 and 12.0 ppm under "eld conditions (Vasconcellos and Schall, 1986; Mendes et al., 1997; Schall et al., 1998) . Furthermore, E. milii seems to be easily grown in endemic areas, it yields a rather large amount of latex throughout the year, and its molluscicidal potency has exhibited no marked seasonal or geographic variation Schall et al., 1992) . The principal active ingredients of E. milii latex seem to be ingenol esters, some of which (miliamines L) were reported to kill B. glabrata snails at concentrations as low as 1.0 ppb (Zani et al., 1993) . A comprehensive toxicological study of E. milii latex is currently underway but data already available indicate that its acute and subacute toxicity to rodents is low and that it is neither genotoxic (Zamith et al., 1996) nor teratogenic (Souza et al., 1997) .
The present study was undertaken to provide data on the acute toxicity of this new plant molluscicide to target snails and nontarget species of the aquatic environment. Additionally, the toxic e!ects of the reference molluscicide niclosamide on the same test species were investigated for comparative purposes.
MATERIALS AND METHODS

Plant Material
The latex of Crown-of-Thorns (Euphorbia milii Des Moul. ex Boiss var. hislopii, syn. E. splendens, Euphorbiaceae) was obtained from plants cultivated in experimental gardens located at Fiocruz campus, Rio de Janeiro, Brazil, from July to September 1994. An incision was made in the plant stem and latex was collected into glass tubes which were sealed, wrapped in aluminum foil, and immediately transported to the laboratory where the latex was lyophilized. Glass vials containing lyophilized latex samples were protected from light and stored in the refrigerator (2}63C) until use. It has been reported that under these storage conditions the molluscicidal activity of E. milii crude latex is stable for at least 18 months .
Test Solutions
Niclosamide ethanolamine salt (Bayluscide, Bayer AG Leverkusen, Germany) and E. milii lyophilized latex solutions were prepared in distilled water or synthetic soft water as required by the assay. An ultrasonic dispersion apparatus was used for 20 min to facilitate latex solution in aqueous media. All test solutions were freshly prepared at room temperature.
Toxicity Assays with Bacteria
Respiration rate inhibition test. In this assay the oxygen consumption of Pseudomonas putida exposed to a test chemical was measured to 5 min. The assay was carried out as described in detail elsewhere (FEEMA, 1994) . Brie#y, an aliquots (2 mL) of a suspension of P. putida in liquid medium were added to Erlenmeyer #asks (250 mL) containing 100 mL of a dilution water (CaCl , MgSO , Na SO , and NaHCO ), 100 mL of one of the test solutions (dilution water, latex 100 mg/L, niclosamide 100 mg/L), and 2 mL of a 2.5 M glucose solution. The #asks were then incubated at 243C with aeration for 30 min. By use of a peristaltic pump, samples were introduced into a closed chamber where the concentration of dissolved oxygen was monitored with an O -sensitive electrode for 5 min.
Inhibition of bioluminescence of <ibrio ,scheri (Microtox ¹ext System). Latex and niclosamide toxicity was evaluated with a Microtox Model 500 analyzer and lyophilized cultures of <ibrio ,scheri were purchased from Microbics Corporation (Carlsbad, CA). Light emission by <. ,scheri was measured at 153C after 15 min of exposure to the molluscicides (Bulich and Isenberg, 1981) . The Microtox data aquisition software was used to calculate EC (50% inhibition of bioluminescence) values and respective 95% con"dence limits.
Algal Growth Inhibition ¹ests
Ninety-six-hour static toxicity tests were conducted with algae (Chlorella vulgaris, Beijerink, and Selenastrum capricornutum, Printz) according to standardized methods (ABNT, 1992) . Tests were conducted in 250-mL Erlenmeyer #asks containing 100 mL of algal assay medium (pH 7.0$0.1, ABNT, 1992) inoculated with algae in log-phase growth (8.2;10 cells/mL C. vulgaris or 1.9;10 cells/mL S. capricornutum). Cultures were kept in a shaking tray at 243C under #uorescent lamps (5000 lx). Lyophilized latex and niclosamide were dissolved in the algal assay medium. Culture #asks were sampled at 0, 24, 48, and 96 h and the cell number was determined at each sampling time using a Neubauer chamber.
Toxicity Assays with Planktonic Crustaceae
Forty-eight-hour static acute toxicity tests with D. similis and C. dubia were conducted following established methods (ABNT, 1993a) . Tests were carried out in 20-mL beakers containing 10 mL of a synthetic soft water (pH 7.4$0.1, water hardness 44 mg/L as CaCO ) at 203C. Fifteen daphnids ('6, (24 h old) per concentration (5 per beaker) were exposed to di!erent concentrations of latex or niclosamide in the assay water. The number of a!ected (immobilized) daphnids in each beaker was determined at 24 and 48 h of exposure and EC values were calculated. Forty-eight-hour static acute toxicity test with Artemia sp. were conducted in 20-mL beakers containing 10 ml of TOXICITY OF E. milii AND NICLOSAMIDE TO AQUATIC SPECIES 
Toxicity Assays with Mollusks
Forty-eight-hour static acute toxicity tests were carried out in 2000-mL beakers containing dechlorinated water (pH 7.0$0.2, water hardness 20$2 mg/L as CaCO ) and covered with a glass lid to prevent the snails from creeping out. Twenty adult snails per concentration (10 per beaker) were exposed to latex or niclosamide for 48 h. Room temperature (25$13C) and light/dark cycle (lights on for 16 h) were kept constant. Snail lethality was evaluated at 24 and 48 h of exposure.
Toxicity Assay with Oligochaeta
Forty-eight-hour static acute toxicity tests were carried out in 20-mL beakers containing 15 mL distilled water (25$13C, pH 7.0$0.1, dissolved oxygen 8.5}9.5 mg/L) and kept in the dark. Twenty adult worms per concentration (10 per beaker) were exposed to lyophilized latex or niclosamide. The living worms per beaker were counted at 24 and 48 h of exposure.
Toxicity Assays with Mosquito Larvae
Acute toxicity static tests were conducted with "rst-and third-instar larvae of mosquitoes. The length of the exposure period was limited by the duration of the mosquito larval stage. Thus, "rst-instar larvae were exposed to test substances for 24 h and third-instar larvae for 48 h. Larvae were placed in clock glasses containing 20 mL of distilled water (pH 7.0$0.1) maintained at 25$13C, under a 16-h light/8-h dark cycle. Twenty larvae (two replicates of 10 each) were used per test concentration of latex or niclosamide. The number of dead larvae in each beaker was determined at 24-h intervals.
Toxicity Assays with Fishes
Forty-eight-hour static acute toxicity tests (ABNT, 1993b) were carried out in 2000-ml beakers containing synthetic soft water (pH 7.5$0.1, hardness 43$1 mg/L as CaCO , dissolved oxygen 8.0}9.0 mg/L) maintained at 25$13C and under a 16-h light/8-h dark cycle. Twenty "shes per test concentration (10 per beaker) were exposed to latex or niclosamide. Fish lethality was determined at 24 and 48 h of exposure.
Toxicity Assays with Frog Tadpoles
Forty-eight-hour static acute toxicity tests were performed in 2000-ml beakers containing distilled water (pH 7.0$0.2, dissolved oxygen 8.0}9.0 mg/L 24$13C). Ten tadpoles (30}40 days old) per concentration (5 per beaker) were exposed to latex or niclosamide. Dead tadpoles were counted at 24 and 48 h of exposure.
Statistical Analysis
LC
(lethality) and EC (immobilization of daphnids) values and their 95% con"dence limits were determined using computer software (USEPA Probit Analysis Program Used for Calculating EC Values, Version 1.4) prepared by the U.S. Environmental Protection Agency. IC (inhibition of algal growth) values were calculated by straight-line graphical interpolation (Walsh et al., 1987) .
RESULTS
Toxicity to Bacteria
The toxic e!ects of latex and niclosamide on bacteria were evaluated in the Microtox Test System with <ibrio ,scheri, a bioluminescent saltwater bacteria formerly known as Photobacterium phosphoreum. Latex, tested at concentrations up to 100 mg/L, did not induce any measurable reduction of light emission by <. ,scheri. Niclosamide, on the other hand, caused a marked and concentration-related decrease in bioluminescence (EC and 95% con"dence limits: 1.19 and 0.38}3.71 mg/L).
The Pseudomonas putida respiration test also indicated that latex, in contrast to niclosamide, is not toxic to bacteria. While the rate of oxygen consumption by P. putida was not altered by E. milii latex at a concentration as high as 100 mg/L, it was completely inhibited by the same concentration of niclosamide (Fig. 1) .
OLIVEIRA-FILHO AND PAUMGARTTEN
FIG. 2.
Growth of freshwater algae Chlorella vulgaris and Selenastrum capricornutum exposed to Euphorbi milii lyophilized latex (0, 0.1, 1, 5, 10, 50, and 100 mg/L) and niclosamide (0, 0.1, 0.2, 0.5, 1, 2.5, and 10 mg/L) for 96 h. The number of cells (y axis) was counted 0, 24, 48, 72, and 96 h after an initial inoculum of C. vulgaris (8.2;10 cells/mL) and S. capricornutum (1.9;10 cells/mL) in a log-phase growth.
Toxicity to Chlorophyceae Algae
The e!ects of E. milii latex and niclosamide on algal growth are presented in Fig. 2 . Latex, tested at concentrations up to 100 mg/L, did not cause any concentrationrelated inhibition of either C. vulgaris or S. capricornutum growth. On the contrary, in some instances latex seemed to have stimulated algal growth as compared with untreated cultures. Niclosamide, on the other hand, produced a concentration-dependent inhibition of C. vulgaris (IC " 1.23 mg/L) and S. capricornutum (IC "0.34 mg/L) growths.
Toxicity to Planktonic Crustaceae
Toxicity of latex and niclosamide to zooplankton was studied in two freshwater species, Daphnia similis and Ceriodaphnia dubia (Crustacea, Cladocera), and also (0.18 mg/L) LC values was not as pronounced as that noted with the former molluscicide (Table 1) .
Toxicity to Snails
Planorbidae snails were among the species tested in the present study, the most susceptible to latex-induced toxicity (Tables 1 and 2 
Toxicity to Oligochaeta
E. milii latex and niclosamide were both very toxic to the worm ¹ubifex tubifex siolli (Annelida, Oligochaeta, Tubi"cidae) and the 24-and 48-h LC values for latex were 0.65 and 0.31 mg/L, respectively, and for niclosamide, 0.12 and 0.11 mg/L, respectively (Table 1) .
Toxicity to Mosquito Larvae
Toxicity of latex and niclosamide to mosquitoes (Insecta, Diptera) was studied in two species of Culicinae (Aedes aegypti and Aedes -uviatilis) and in one species of Anophelinae (Anopheles albitarsis), at two di!erent larval stages ("rst-and third-instar larvae). No latex-induced lethality was observed in either "rst-or third-instar larvae of the three species (Table 1) . Contrasting with the lack of e!ects of latex on mosquitoes, niclosamide proved to be very toxic to 
Toxicity to Fishes
Acute toxicity of latex and niclosamide to freshwater "shes was evaluated in the guppy (Poecillia reticulata, Poecillidae) and the zebra"sh (Danio rerio, Cyprinidae). The two molluscicides were markedly toxic to P. reticulata (24-and 48- (Table 1) .
Toxicity to Frog Tadpoles
Acute toxicity of latex and niclosamide to Rana catesbeiana tadpoles (Chordata, Amphibia) was evaluated in the present study. While niclosamide was lethal to R. catesbeiana tadpoles at rather low concentrations (24-and 48-h LC values: 0.17 and 0.16 mg/L), E. milii latex was toxic to frogs only at very high concentrations (24-and 48-h LC values: 20.59 and 7.50 mg/L).
DISCUSSION
The target (B. tenagophila and B. glabrata) and nontarget (H. duryi) Planorbidae snails were, among species tested in the present study, the most susceptible ones to E. milii latex-induced toxicity. The oligochaete ¹. tubifex, a bentonic organism, the planktonic microcrustacea, and the two "shes (D. rerio and P. reticulata), were somewhat less susceptible to latex than the Planorbidae snails, with selective toxicity ratios ranging from 2.4 to 10.0 (Table 2) . The Ampullariidae snail Pomacea sp. and frog tadpoles (R. catesbeiana) were even less suceptible to this plant molluscicide TOXICITY OF E. milii AND NICLOSAMIDE TO AQUATIC SPECIES than the foregoing nontarget species and their LC values were at least 47.9 times as high as those determined for B. glabrata (Table 2) . On the other hand, E. milii lyophilized latex, in concentrations up to 100 mg/L, was not toxic to bacteria, algae, or mosquito larvae. Taken together these results from laboratory tests suggest that E. milii latex is a rather potent and selective plant molluscicide. The resistance of Pomacea sp., "shes (Poecilia reticulata), and insect larvae (Odonata) to the biocidal e!ects of E. milii latex was also noted in "eld studies performed by Baptista et al. (1992) and Mendes et al. (1992) . Baptista et al. (1992) reported that whereas application of E. milii latex killed 100% of B. tenagophila snails in the test area, Pomacea haustrum snails and P. reticulata "shes found in the same habitat were not a!ected by this plant molluscicide. The resistance of P. haustrum and Odonata larvae to latex-induced lethality was also noted by Mendes et al. (1992) .
The results from this study suggest that E. milii molluscicidal latex has a narrower spectrum of biocidal actions than the reference molluscicide niclosamide. In contrast to the absence of e!ects of latex on bacteria, algae, and "rstinstar larvae of mosquitoes, niclosamide proved to be toxic to all these species. Toxicity of niclosamide to dipteran larvae in this study occurred at concentrations much higher than those of the molluscicide. Literature data on the e!ects of niclosamide on insect larvae suggest that there is a wide variability of susceptibility among species, with some of them being rather tolerant to this molluscicide (e.g., Ophiogomphus sp., Odonata; 24-h LC '50 mg/L) and others more sensitive (Diptera, Chironomus tentans: 24-h LC "0.57 mg/L; Chironomus phenosum: 24-h LC "1.5 mg/L) (Andrews et al., 1983) . There are only a few data on the e!ects of niclosamide on Aedes and Anopheles species. It was reported, for instance, that 24-h exposure to a concentration of niclosamide as high as 1.5 mg/L killed 40% of A. aegypti and Anopheles atroparvus larvae in stagnant water while a 48-h exposure to a concentration as high as 2 mg/L caused no mortality of Aedes sp. larvae in oxygenated water (Andrews et al., 1983) . The niclosamide 24-h LC values found in the present study for A. aegypti, A. -uviatilis, and An. albitarsis were considerably higher than lethal concentrations found in stagnant waters (1.5 mg/L), and this discrepancy may have been due to a higher degree of aeration of the assay water. It was reported that niclosamide, at concentrations much above the expected environmental levels resulting from normal "eld applications (e.g., 100}450 mg/L), exerts some inhibitory e!ect on bacterial growth (Hegazi et al., 1984; Monkiedje et al., 1991) . Transitional inhibitory e!ects on bacteria nitrogen "xers and their respiratory activities were noted at much lower levels (1.6}16 mg/L) (Hegazi et al., 1984) . Results revealed that bioluminescence of <. ,scheri is markedly reduced following a 15-min exposure to concentrations of niclosamide as low as 1.19 mg/L. Taken together these "ndings suggest that while no inhibition of bacterial growth is observed after longer exposures, short-term exposures of bacteria to niclosamide seem to cause immediate toxic responses. On the other hand, algal (S. capricornutum and C. vulgaris) growth was inhibited by niclosamide at concentrations that are not far from those needed to kill Biomphalaria snails. The algicidal e!ect of niclosamide found in this study is supported by literature data on other species. Niclosamide, at molluscicidal concentrations, has been reported to induce harmful e!ects on several aquatic plants as well on phytoplankton (Andrews et al., 1983) . Holz and Hwa (1963) observed that several algae (Diatoms, Scenedesmus, Chlorococcus, Kirchneriella, and Ankistrodesmus) were slightly a!ected by niclosamide at concentrations as high as 2 mg/L and that Scenedesmus was eradicated at concentrations as high as 5 mg/L. Furthermore, data from other studies indicate that niclosamide is active against some helminths, including miracidia and cercariae of Schistosoma trematodes (Andrews et al., 1983; Monkiedje et al., 1991) , while latex is not toxic to these developmental stages of S. mansoni (De-Carvalho et al., 1998) .
Among aquatic organisms that were susceptible to both molluscicides, selective toxicity ratios (LC or EC for the nontarget species/LC for the target mollusk) were in most instances markedly higher for latex than for niclosamide. These di!erences in selective toxicity ratios were particularly pronounced with the nontarget snail Pomacea sp. and the frog R. catesbeiana. The 48-h toxicity ratio for Pomacea sp. was as high as 80.8 for E. milii latex and as high as 5.0 for niclosamide (Table 2) . On the other hand, while niclosamide was about as toxic to frog tadpoles as to Biomphalaria snails (ratio:1), latex proved to be much less toxic to frogs than to the target mollusks (ratio'50) ( Table 2) . Literature data on the toxicity of niclosamide to amphibia are still scarce and consist mainly of "eld tests performed with this synthetic molluscicide. Laboratory assays made by Floch and Deschiens (1962) found that frog as well as toad tadpoles were killed by a 24 h exposure to a concentration of niclosamide ethanolamine salt as low as 0.5 mg/L. Furthermore, frogs leaving ponds shortly after treatment with niclosamide and frogs found dead in the surrounding banks have often been observed in "eld studies with this molluscicide (Andrews et al., 1983) . Altogether "ndings from the present study and literature data seem to support the view that niclosamide is about as toxic to frogs as to snails.
The selective toxicity ratios found for "shes were also higher for E. milii molluscicidal latex (48-h ratios"7.4 and 10.7) than for niclosamide (48-h ratios"1.7 and 1.9) ( Table 2) . Thus, E. milii latex seems to compare favorably with this synthetic molluscicide with respect to the level of "sh toxicity. Niclosamide is known to be highly toxic to a large number of "sh species, with 24-h LC values ranging from 0.043 to 0.279 mg/L for most of them (Andrews et al., 1983) . It is of note that niclosamide's high toxicity to "shes has been considered a serious drawback of this synthetic molluscicide owing to its impact on aquatic ecosystems and, also, because "shes are often an important food source in areas where schistosomiasis is endemic (Perret and Whit"eld, 1996) .
The selective toxicity ratios for the planktonic crustacea and for the oligochaete ¹. tubifex were also somewhat higher for latex than for niclosamide. The high toxicity of niclosamide to aquatic earthworms and planktonic crustacea has been reported in the literature. Rye and King (1976) (Andrews et al., 1983) .
Therefore "nding from the present study clearly indicate that E. milii latex, in addition to being a rather potent plant molluscicide, is considerably less harmful to nontarget aquatic organisms than the reference molluscicide niclosamide. The main disadvantage of E. milii latex as compared with niclosamide seems to be the weak ovicidal e!ect of the former molluscicide (Schall et al., 1998) . This weak toxicity to snail eggs, however, does not appear to be an insurmountable obstacle to an e!ective use E. milii latex in snail control. Since snails are already very sensitive to latex soon after hatching (Oliveira-Filho et al., 1999) one or two more applications with a 15-day interval between them should be su$cient, in most instances, to eradicate snails from schistosomiasis transmission sites.
E. milii latex, to some extent, also compares favorably with other plant molluscicides such as Phytolacca dodecandra (endod) and Ambrosia maritima. Endod, the active ingredient of which is a triterpenoid saponin (lemmatoxin), is also devoid of ovicidal properties and, in contrast to E. milii latex, seems to be more toxic to "sh than to the target snails (Lambert et al., 1991; Monkiedje et al., 1991) . A. maritima, the active compounds of which are thought to be sesquiterpene lactones (ambrosin and damsin), demonstrates a low toxicity to "sh and to other nontarget aquatic organisms (Alard et al., 1991) . Nonetheless, owing to the relatively low molluscicidal potency of A. maritima (e!ective concentrations of dried leaves are as high as 200 mg/L), huge amounts of plant material are required to achieve a signi"cant reduction of schistosomiasis transmission in endemic areas (Perret and Whit"eld, 1996) .
CONCLUSIONS
In conclusion, data from the present study indicate that crude latex of E. milii is a very potent plant molluscicide, approximately as potent as niclosamide in killing Planorbidae snails, which are intermediate hosts of Schistosoma trematodes. On the other hand, latex compares favorably with niclosamide with respect to toxicity to several nontarget aquatic organisms. In contrast to niclosamide, latex is not toxic to algae, insect larvae, and bacteria. While niclosamide is about as toxic to frogs as to target snails, latex is considerably less toxic to R. catesbeiana tadpoles. Moreover, latex is less toxic than niclosamide to Pomacea sp., "shes, and planktonic crustacea.
